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Abstract: Fishes at Isla del Coco National Park, Costa Rica, were surveyed as part of a larger scientific expedi-
tion to the area in September 2009. The average total biomass of nearshore fishes was 7.8 tonnes per ha, among 
the largest observed in the tropics, with apex predators such as sharks, jacks, and groupers accounting for nearly 
40% of the total biomass. The abundance of reef and pelagic sharks, particularly large aggregations of threatened 
species such as the scalloped hammerhead shark (up to 42 hammerheads ha-1) and large schools of jacks and 
snappers show the capacity for high biomass in unfished ecosystems in the Eastern Tropical Pacific. However, 
the abundance of hammerhead and reef whitetip sharks appears to have been declining since the late 1990s, and 
likely causes may include increasing fishing pressure on sharks in the region and illegal fishing inside the Park. 
One Galapagos shark tagged on September 20, 2009 in the Isla del Coco National Park moved 255km southeast 
towards Malpelo Island in Colombia, when it stopped transmitting. These results contribute to the evidence that 
sharks conduct large-scale movements between marine protected areas (Isla del Coco, Malpelo, Galápagos) 
in the Eastern tropical Pacific and emphasize the need for regional-scale management. More than half of the 
species and 90% of the individuals observed were endemic to the tropical eastern Pacific. These high biomass 
and endemicity values highlight the uniqueness of the fish assemblage at Isla del Coco and its importance as 
a global biodiversity hotspot. Citation: Friedlander, A., B.J. Zgliczynski, E. Ballesteros, O. Aburto-Oropeza, 
A. Bolaños & E. Sala. 2012. The shallow-water fish assemblage of Isla del Coco National Park, Costa Rica: 
structure and patterns in an isolated, predator-dominated ecosystem. Rev. Biol. Trop. 60 (Suppl. 3): 321-338. 
Epub 2012 Dec 01.
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The health of marine ecosystems world-
wide is in decline and under ever increasing 
threats from multiple anthropogenic stressors 
(e.g., overfishing, pollution, habitat loss, and 
climate change). Because of the extent of the 
global human footprint on these ecosystems 
(Halpern et al. 2008, Mora et al. 2011), our 
understanding of what is natural in the marine 
environment is becoming increasingly com-
promised by the absence of locations that 
lack substantial human impacts. Large, remote 
protected areas give us some indication of how 
marine ecosystems function in the absence of 
local human influences (Friedlander & DeMar-
tini 2002, Sandin et al. 2008, Knowlton & 
Jackson 2008) and from these locations it is 
clear that many marine ecosystems were once 
dominated by large predators (Jackson et al. 
2001, Estes et al. 2011). 
Isla del Coco, Costa Rica, is known world-
wide for its aggregations of sharks and other 
mega-fauna (Bakus 1975, Garrison 2005). It 
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was designated a National Park by Costa Rica 
in 1978, and in 2001 the park’s limits were 
extended to currently include 1997km2 of pro-
tected marine ecosystem (22.2km radius from 
the island). Within the park boundaries, extrac-
tion of marine resources, as well as all other 
commercial, industrial, and agricultural activi-
ties are banned (Executive Decree N° 29834-
MINAE). Because of its global significance, 
Isla del Coco National Park was declared a 
UNESCO World Heritage site in 1997 and a 
Ramsar wetland of international importance in 
1998 (Cortés 2008). 
Isla del Coco is located in the Eastern 
Tropical Pacific (ETP) Biogeographic Region, 
which is delimited by the Gulf of California 
southward to the northern boundary of Peru and 
includes five oceanic islands and archipelagos 
(Hastings 2000; see Figure 1). The diversity of 
the nearshore fauna found in the ETP is rela-
tively low compared to other locations in the 
Indo-Pacific due to the regions geographic iso-
lation and complex oceanographic conditions. 
As a result of these conditions, the ETP is con-
sidered the most isolated marine biogeographic 
region in the world with the highest endemism 
of nearshore fishes found anywhere (Hastings 
and Robertson 2001, Robertson et al. 2004). Of 
the 1285 shallow-water (<100m) fishes in the 
ETP, 79% are endemic to the region (Robertson 
& Allen 2008). Within the ETP, there are three 
major recognized biogeographic provinces: 1) 
Cortez (Gulf of California and lower Pacific 
Baja), 2) Panamic (southward along the conti-
nental margin to Peru), and 3) the five oceanic 
islands/archipelagos including Galapagos, Isla 
del Coco and Malpelo (Robertson & Cramer 
2009). Currently there are 270 nearshore spe-
cies reported from Isla del Coco, including 27 
species endemic only to the island (10% of 
the fauna), plus 20 insular endemics known 
only from Isla del Coco and other offshore 
islands in the ETP (Bussing & López 2005, 
Garrison 2005). 
National Geographic Society, in partner-
ship with the Universidad de Costa Rica and 
87º6’ W
5º
32
’ N
5º
32
’ N
5º
30
’ N
87º4’ W 87º2’ W
87º6’ W 87º4’ W 87º2’ W
Roca Sucia*
Wafer*
Roca Viking
Presidio* West*
West 2
Pájara*
Manuela Garden* Manuela Afu* Nearshore
Oshore
Chatam Ulloa*
Roca Langosta
Ulloa Coral
Silverado*
Rodolitos*
Arch
Atrevido*
Tiburón
Central America
Cocos Island
South AmericaGalapagos
Islands
Alcyone
Roca Sumergida*
Bahía Iglesias*
* Long-term monitoring sites
Dos Amigos*
Leonel*
Punta Coronel
María Pinnacle*
María Real
Punta María*
Cabo Barreto
Gissler*
km
0 1 2
Fig. 1. Sampling locations around Isla del Coco. Nearshore locations are denoted by circles and offshore islets and pinnacles 
are denoted by triangles. * Denotes sites evaluated by Edgar et al. 2011.
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local conservation organizations conducted a 
scientific expedition to Isla del Coco and Las 
Gemelas seamounts, Costa Rica, from Septem-
ber 9 to 24, 2009. The goals of the expedition 
were to: 1) describe the biogeography and 
endemism of the nearshore fish assemblage; 
2) measure the abundance, size, and biomass 
of reef and pelagic fishes, including sharks 
at Isla del Coco National Park; 3) conduct a 
preliminary assessment of the migratory move-
ments of sharks; and 4) explore and survey 
deep habitats in the National Park and the then 
unprotected Las Gemelas seamounts south of 
the Park (see Starr et al. 2012).
MATERIALS AND METHODS
Study site: Isla del Coco is located approx-
imately 550 km southwest of Cabo Blanco, 
Costa Rica, and about 560 km northeast of the 
Galapagos at 5°32’-5°34’N, 87°01’-87°06’W 
(Fig. 1). It is the summit of a seamount on the 
Coco volcanic Cordillera (also known as Cocos 
Ridge) that was formed ca. 2m.y. ago along the 
Galapagos Hot Spot (Castillo et al. 1988). 
The steep-sided and well vegetated island lies 
within the Inter-Tropical Convergence Zone 
and receives more than 7m of rainfall annually 
(Alfaro 2008). The island is 4.4x7.6km with a 
perimeter of 23.3km and an area of 23.2km2 
(Cortés 2008)
Survey stations were spaced around the 
island coinciding with previous surveys (Edgar 
et al. 2011) to contribute to the time-series of 
data for the island (Table 1). Additional stations 
were added to provide for more spatially com-
prehensive sampling and to target important 
“ecological hotspots” such as hammerhead 
cleaning stations, unique geographic features, 
and offshore islets. Sampling was stratified 
by depth consistent with strata established by 
Edgar et al. (2011) and by nearshore vs. off-
shore islets and pinnacles.
Visual surveys of the fish assemblage: 
To estimate the abundance and biomass of 
nearshore fishes, surveys were conducted by a 
team of paired divers. At each station, one diver 
tallied all fishes encountered within fixed-
length (25-m) belt transects whose widths 
differed depending on the direction of swim. 
Transect bearings were determined haphazard-
ly along isobaths; two isobaths were sampled 
with belt transects (shallow = 5-10m, deep = 
11-18m). These depth strata were consistent 
with those established by Edgar et al. (2011). 
Large-bodied vagile fishes ≥20cm total length 
(TL) were tallied within an 4-m wide strip sur-
veyed on an initial “swim-out” as the transect 
line was laid, focusing observations ahead in a 
5m long moving window. Small-bodied, less 
vagile and more site-attached fish <20cm TL 
were tallied within a 2-m wide strip surveyed 
on the return swim back along the laid tran-
sect line. Fishes were recorded by species or 
lowest recognizable taxon. Nomenclature fol-
lowed Garrison (2005). Tallies were binned by 
5-cm TL class. 
The survey methodology was designed to 
minimize bias associated with in situ underwa-
ter visual censuses (Mapstone & Ayling 1998). 
Constraints on the focal window size and sur-
vey duration for the swim-out limited problems 
of over-counting large-bodied, vagile species 
such as sharks. Use of two transect areas (4m 
vs. 2m lanes) compensates for some of the 
size-specific differences in density, namely 
that larger-bodied fish are typically less abun-
dant than their smaller-bodied counterparts, 
addressing some concerns of differing patterns 
of variance across size classes (DeMartini et al. 
2008, Friedlander et al. 2010).
The biomass of individual fishes was esti-
mated using the allometric length-weight con-
version: W = a TLb, where parameters a and b 
are species-specific constants, TL is total length 
in cm, and W is weight in grams. Length-weight 
fitting parameters were obtained from FishBase
Froese & Pauly (2011) and other pub-
lished sources (Letourneur 1998, Kulbicki et 
al. 2005) with the cross-product of individual 
weights and numerical densities used to esti-
mate biomass by species. Numerical density 
(abundance) was expressed as number of indi-
viduals per 100m2 and biomass was expressed 
as tonnes (t) per hectare (ha). Fishes were 
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categorized into four functional trophic groups: 
herbivores (primary consumers and detriti-
vores); planktivores (secondary consumers); 
lower-level carnivores (benthic carnivores); 
and apex predators (Friedlander et al. 2010).
Visual surveys of predators and pelagic 
species: Owing to the difficulty in counting 
highly mobile apex predators and pelagic spe-
cies, we implemented a modified stationary 
point count (SPC) method (Thresher & Gunn 
1986), at the same sites of the belt transects and 
at additional sites where large pelagic fishes 
aggregate to feed or be cleaned. Sampling was 
stratified by depth (shallow = 5-10m, deep = 
11-33m). A diver arrived at the site, selected 
a haphazard location within the transect area 
or cleaning station, and conducted an instan-
taneous count of all apex predators and other 
large resource species within a 10m radius 
TABLE 1
Sampling location conducted around Isla del Coco
Station Lat. Long. Offshore islets and pinnacles
Belt SPC
Deep
(11-18m)
Shallow 
(5-10m)
Deep
(11-33m)
Shallow
(5-10m)
Alcyone 5.5100 -87.0325 x 75
Arch 5.5319 -87.0276 2 2 15 15
Cabo Atrevido* 5.5284 -87.0300 2 2 15 15
Bahía Iglesias* 5.5058 -87.0678 x 2 2 15 15
Cabo Barreto 5.5387 -87.0835 2 2 15 15
Bahia Chatham 5.5513 -87.0397 2 2 15 15
Roca Sucia* 5.5482 -87.0817 x 2 2 95 15
Dos Amigos* 5.5086 -87.1012 x 2 15
Punta Gissler* 5.5434 -87.0718 2 2 15 15
Punta Leonel* 5.5193 -87.0958 4 15 15
Manuelita Afuera* 5.5610 -87.0485 x 4 2 135 15
Isla Manuelita* 5.5619 -87.0469 x 2 2 15 15
Maria Pinnacle* 5.5319 -87.0929 x 30
Punta Maria* 5.5354 -87.0868 2 2 15 15
Punta Maria Real 5.5310 -87.0914 2 2 15 15
Isla Pájara Sur* 5.5541 -87.0541 x 2 2 15 15
Punta Presidio* 5.5499 -87.0604 2 2 26 19
Punta Coronel 5.5260 -87.0922 2 2 15 15
Roca Langosta 5.5495 -87.0315 x 12 3
Rodolitos* 5.5411 -87.0292 2 2 15 15
Silverado Norte* 5.5461 -87.0320 2 2 15 15
Roca Sumergida* 5.5072 -87.0567 x 2 15
Bahía Inútil* 5.5176 -87.0481 2 2 15 15
Punta Ulloa* 5.5509 -87.0349 2 2 15 15
Ulloa Coral 5.5487 -87.0340 2 2 15 15
Roca viking 5.5506 -87.0642 x 2 2 30 15
Bahía Wafer* 5.5460 -87.0623 2 2 15 15
Bahia Western* 5.5523 -87.0509 7 8
Bahia Western 2 5.5537 -87.0514 2 2 15 15
Total 54 44 459 356
Datum = WGS 84. SPC = stationary point counts. * Denotes sites evaluated by Edgar et al. (2011).
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cylinder every 2 minutes for 30 minutes (n=15 
per strata per site). An index of relative domi-
nance (IRD) for each fish taxon was created 
by multiplying the percent frequency of occur-
rence of the species at each station-depth strata 
combination by the relative percent biomass of 
that species (Friedlander et al. 2003).
Shark satellite tagging: To study the 
regional migratory movements of sharks, we 
tagged a Galapagos shark (Carcharinus gala-
pagensis) using a PAT-MK3 pop-up satellite 
tag manufactured by Wildlife Computers. The 
shark was caught near Roca Sucia with a barb-
less hook, the tag was implanted just ventral 
of the dorsal fin, and the shark was released 
within minutes. The tag was programmed to 
pop up at the end of March 2009. 
Shark observations from dive-master 
logs: Data for several larger marine species 
were collected over a 15 year period (1991 
to 2007) by dive-masters from the Undersea 
Hunter diving company at 27 sites around Isla 
del Coco (Sibaja-Cordero 2008). The number 
of individuals for each species per dive was 
calculated from these data and examined over 
the time series. Data from 1991 and 1992 were 
incomplete and excluded from the analyses.
Data analysis: Fish assemblage character-
istics (species richness, numerical abundance, 
and biomass) were compared between shal-
low and deep depth strata using a Student’s t 
test. Numerical abundance and biomass were 
ln(x+1) transformed prior to statistical analysis 
to conform to the assumptions of parametric 
statistics (Zar 1999). Normality was tested 
using a Shapiro-Wilk W test (p<0.05) while 
a Bartlett’s test (p<0.05) was used to examine 
homogeneity of variance. 
Comparisons of total biomass and bio-
mass of each trophic group between shallow 
and deep depth strata from belt transects were 
conducted using Wilcoxon Rank Sum tests. 
Comparisons of total fish biomass between 
offshore islets and nearshore locations from 
SPCs were also tested using a Wilcoxon Rank 
Sum test. Non-metric multi-dimensional scal-
ing (nMDS) analysis, coupled with an analysis 
of similarities (ANOSIM) test, was conducted 
using PRIMER v. 5 (Clarke and Gorley 2001) 
to examine differences in fish assemblages 
between location from shore (nearshore vs. 
offshore) and depth strata. The data matrix con-
sisted of fish biomass in g 100m-2 by species 
for each location and depth. A Bray-Curtis sim-
ilarity matrix was created from the fish biomass 
matrix prior to conducting the nMDS. ANO-
SIM is a permutation-based hypothesis testing 
analysis of similarities (ANOSIM in PRIMER 
5.0 [Primer-E Ltd., Plymouth, UK]) that gen-
erates an R statistic that is on a scale from 0 
or negative value (identical assemblages) to 
1 (completely dissimilar assemblages). The 
resulting P value indicates the probability that 
the two assemblages come from a similar dis-
tribution (Clarke and Warwick 2001). Pairwise 
ANOSIM R statistics represent comparisons 
that are well separated (R>0.75), overlapping 
but clearly different (R>0.5), or barely sepa-
rable at all (R<0.25). ANOSIM was used to 
compare assemblages between nearshore and 
offshore locations and depth strata. Time series 
data of shark observations were smoothed 
using a weighted regression (LOESS), with 
the dependent variable (ln[number of sharks 
per dive]) smoothed as a function of the inde-
pendent variables (year) with a polynomial 
smoother of degree 1 and a nearest neighbor 
interval of 3 (Sigmaplot 11.0 2008).
RESULTS
Endemism and biogeography: More than 
50% of the species and 91% of the individuals 
surveyed on belt transects at Isla del Coco are 
endemic to the ETP (Table 2). The vast major-
ity of these species are common to the entire 
region, however five species (5.7% of the total) 
were endemic to Isla del Coco only, account-
ing for 3.7% of the total numerical abundance 
observed. An additional four species (4.6% 
of the total) are known only from the oceanic 
islands of the ETP and accounted for 4.3% of 
the observed numerical abundance.
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Assemblage structure: A total of 108 
species from 43 families were encountered 
during surveys (<30m depth) at Isla de Coco. 
Quantitative belt transects conducted at 25 
stations around the island (shallow=44 tran-
sects, deep=54 transects) revealed 87 species 
from 35 families. When averaged across all 
stations, species richness was 20.8 (SD=2.6) 
per transect, while the number of individuals 
was 670.0 100m-2 (268.6), and biomass was 
7.6t ha-1 (7.6). 
Species richness and numerical abundance 
were not significantly different between depth 
strata around the island (p>0.05 for both, Table 
3). However, biomass was marginally signifi-
cant (p=0.05) between depth strata, with bio-
mass in the deep stratum 48% higher compared 
to the shallow stratum. Much of this difference 
was due to the presence of several shark spe-
cies (mainly Carcharhinus albimarginatus and 
Sphyrna lewini) in the deep stratum that were 
either absent on less common in the shal-
lows. Species richness was similar between 
nearshore locations and offshore islets and 
pinnacles (Table 3, p=0.30). The number of 
individuals and biomass were both signifi-
cantly higher on offshore islets and pinnacles 
compared to nearshore locations (p<0.001 and 
p=0.03, respectively). Despite these differenc-
es, fish assemblage structure showed consider-
able overlap between nearshore and offshore 
locations (Fig. 2, Global R = 0.08, p=0.01) and 
depth strata (Global R = 0.04, p=0.15) based on 
nMDS of fish species biomass. 
The black durgon (Melichthys niger) was 
the most abundant species by weight overall 
on belt transects, accounting for 17.2% of the 
total fish biomass and occurring at 78.7% of 
the station-depth strata combinations (Table 
4). This was followed by the reef whitetip 
TABLE 3 
Comparison of fish assemblage characteristics from belt transects around Isla del Coco
A. Shallow Deep t-test p
Species richness 20.88 (2.55) 20.81 (2.79) 0.10 0.92
Number of individuals (no. 100m-2) 611.5 (236.1) 721.5 (289.2) 1.43 0.16
Biomass (t ha-1) 6.04 (8.09) 8.95 (7.04) 2.03 0.05
B. Nearshore Offshore t-test p
Species richness 20.53 (2.74) 21.34 (2.50) 1.04 0.30
Number of individuals (no. 100m-2) 567.7 (219.9) 834.7 (262.8) 3.60 p<0.001
Biomass (t ha-1) 6.16 (6.40) 9.88 (8.95) 2.24 0.03
A. Shallow (5-10m) and deep (11-18m). B. Nearshore and offshore locations Statistical results of Student t-test (d.f.=45). 
Biomass ln(x+1) transformed prior to statistical analysis. values are means (±SD).
TABLE 2
Biogeographical patterns of the fish assemblage at Isla del Coco
Distribution Numerical density % Numerical density Species richness % Species richness
ETP-ALL 609.8 (282.2) 91.3 44 50.58
ETP 556.4 (258.4) 83.31 35 40.23
ETP-Oceanic 28.6 (78.5) 4.28 4 4.60
Isla del Coco 24.8 (38.5) 3.71 5 5.75
Indo-Pacific 43.7 (37.1) 6.55 33 37.93
Circumtropical 14.4 (22.6) 2.15 10 11.49
Numerical density - (No. 100m-2). values are means (±SD).
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shark (Triaenodon obesus), which accounted 
for 13.7% of the assemblage biomass and 
was present at 74% of the survey locations. 
Bluefin trevally (Caranx melampygus, 12.1%) 
and the regionally endemic Pacific Creolefish 
(Paranthias colonus, 10.2%) were next most 
important species by weight, followed by two 
additional shark species, the silvertip shark (C. 
albimarginatus, 6.0%), and scalloped ham-
merhead (S. lewini, 4.8%). The latter two shark 
species were only observed at 2.1% and 4.3% 
of the survey locations respectively, but their 
large size contributed disproportionately to the 
total assemblage biomass on belt transects. 
The top five species based on numbers 
of individuals are all endemic to the ETP. The 
Cortez rainbow wrasse (Thalassoma lucasa-
num) was the most abundant species based on 
numbers, accounting for 47.1% of the numeri-
cal abundance within the assemblage and was 
present at every survey location (Table 4). This 
was followed by the yellowtail damselfish 
(Stegastes arcifrons, 20.6%), Pacific creolefish 
(8.2%), the blacktip cardinalfish (Apogon atra-
dorsatus, 3.3%), and Cocos wrasse (Halicho-
eres discolor, 2.9%).
Trophic structure: Apex predators (pri-
marily sharks and jacks) accounted for 39.3% 
of the total biomass on belt transects, followed 
by planktivores (30.4%), lower-level carni-
vores (15.6%), and herbivores (14.6) (Fig. 3). 
Biomass of apex predators was significantly 
higher (Wilcoxon=2.72, p=0.007) in the deep 
stratum while biomass of all other trophic 
groups was indistinguishable between depth 
strata (p>0.05 for all, Table 5). Apex pred-
ator biomass was nearly two times higher 
on offshore islets and pinnacles compared to 
nearshore locations (Fig. 4, Wilcoxon=2.81, 
Fig. 2. Non-metric multidimensional scaling plot of 
fish assemblage structure, based on biomass (g 100m-2), 
between nearshore/offshore and depth strata.
Nearshore deep
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Oshore deep
Oshore shallow
Stress = 0.16
Fig. 3. Comparison of trophic biomass (t ha-1) between 
shallow (5-10m) and deep (11-18m) depth strata at Isla 
del Coco. Error bars are standard error of the mean. * 
denotes significant difference between depth strata (see 
text for statistical results). Apex = apex predators, Herb 
= primary consumers and detritivores, Carn = lower-level 
carnivores (benthic carnivores); and Plank = planktivores 
(secondary consumers).
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p=0.005). Likewise, planktivore biomass was 
80% higher offshore (Wilcoxon=4.41, p=0.03). 
Biomass of other carnivores was >60% higher 
offshore compared to nearshore, and although 
these differences were not significantly differ-
ent the results are suggestive (Wilcoxon=3.62, 
p=0.06). Herbivore biomass was 42% higher 
nearshore but these differences were not sig-
nificant (Wilcoxon=1.67, p=0.20).
Stationary point count data: A total 
of 32 species from 12 families were sur-
veyed on 1085 SPCs (deep=725, shallow=360) 
around Isla del Coco. Reef whitetip sharks 
(Triaenodon obesus) had the highest index of 
relative dominance (IRD) among all species 
observed on SPCs (Table 5). They occurred at 
71% of all station-depth strata combinations 
and ranked fifth by both weight (10%) and 
numbers (7%). Bluefin trevally ranked sec-
ond in IRD, occurring in 73% of the surveys 
and ranking second in abundance and fifth in 
biomass. Although bigeye jacks (Caranx sex-
fasciatus) ranked first in total biomass (27% 
of total), they were only present in 15% of the 
surveys and ranked third in IRD as a result. 
Ranked forth by IRD was the Scalloped ham-
merhead (S. lewini), which was observed in 
23% of the station-depth strata combinations 
and was the second most abundant species by 
weight (18%), but ranked seventh by numbers 
(3%). Biomass from SPCs was significantly 
higher on offshore islets compared to nearshore 
locations (Wilcoxon=2.81, p=0.005). Similarly, 
the abundance of the numerically dominant 
large resource species quantified on SPCs was 
also highest on the offshore islets (Fig. 5). 
Shark movements: One 187cm TL Gala-
pagos shark (C. galapagensis) was tagged on 
September 20, 2009 at ca. 6:00 with a PAT-
MK3 pop-up satellite tag. On October 10, the 
shark had moved 255km southeast of Isla del 
Coco, towards Malpelo Island (12.8km day-1, 
Fig. 6). No additional detections were received 
after that date. Had the shark died and sunk 
to the bottom, the automatic pressure trigger 
would have released the tag, which floats, 
and returned to the surface. Had the tag been 
released involuntarily, it would have also float-
ed back to the surface and transmitted back to 
the satellite. This result suggests that either the 
tag failed or the shark was fished. Efforts were 
made to tag other sharks, especially hammer-
heads, but these attempts were unsuccessful. 
Shark observations from dive-master 
logs: Data collected in the park by the Under-
sea Hunter dive masters since 1992 show that 
the abundance of hammerhead sharks and 
whitetip reef sharks have declined dramatically 
over time (Figs. 7a, b). Abundance of both 
hammerhead and whitetip reef sharks showed 
a peak in 1999 with the lowest values for both 
species observed in the most recent survey 
year (2007). These changes represent more 
than an 11 fold decline in hammerheads and 
a 2.8 fold decline whitetip reef sharks from 
peak abundance.
DISCUSSION
Fish assemblage structure:
The average total biomass of nearshore 
fishes at Isla del Coco National Park is among 
the largest recorded in the tropics worldwide. 
The abundance of reef and pelagic sharks, par-
ticularly large aggregations of threatened spe-
cies such as the scalloped hammerhead shark 
(up to 42 hammerheads ha-1) and large schools 
of jacks and snappers makes Isla del Coco a 
place of unique global value and highlights 
the effectiveness of protection. More than 
half of the species and 90% of the individuals 
observed were endemic to the ETP. This high 
proportion of endemism highlights the unique-
ness of the fish assemblage at Isla del Coco and 
its importance as a global biodiversity hotspot. 
Due to the protection and enforcement 
in Isla del Coco National Park, the struc-
tural patterns of fishes observed reflect rela-
tively natural ecological processes that are 
only modestly influenced by fishing but no 
other localized anthropogenic factors. The 
most striking feature of this assemblage is an 
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Fig. 5. Numerical abundance of important resource species observed on stationary point counts (number ha-1) at Isla del 
Coco. Bigeye jack = Caranx sexfasciatus, bluefin trevally = Caranx melampygus, Mullet snapper = Lutjanus aratus, 
Rainbow runner = Elagatis bipinnulata, Reef whitetip = Triaenodon obesus, Leather grouper = Dermatolepis dermatolepis. 
Note differences in scales between right and left panels.
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inverted biomass pyramid dominated by apex 
predators, primarily sharks and large schools of 
jacks. Planktivores also contributed greatly to 
the overall fish biomass, which likely reflects 
the high primarily productivity around the 
island (Acuña-González et al. 2008). Both apex 
predators and planktivores were more abundant 
around offshore islets and pinnacles relative to 
nearshore areas.
The modified SPC method developed for 
this study was designed to estimate the occur-
rence of hammerhead sharks, primarily at 
cleaning stations. We additionally enumerated 
a restricted list of resource species to improve 
Fig. 6. Movement of one 187 cm TL Galapagos shark (Carcharhinus galapagensis) tagged at Isla del Coco on September 
20, 2009 at ca. 6:00 with a PAT-MK3 pop-up satellite tag. On October 10, the shark had moved 255 km southeast of Isla del 
Coco, towards Malpelo Island (12.8km day-1).
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the efficiency of sampling. This method result-
ed in at least 15 instantaneous replicates at 
the same sampling location and only cov-
ered 20m of linear reef.  While some species 
such as hammerhead sharks showed similar 
abundances between methods, two species in 
particular (whitetip reef sharks and bluefin 
trevally) showed densities nearly an order of 
magnitude lower on the SPCs compared with 
the belt transects. The lower densities on the 
SPCs may have resulted from the large number 
of replicates with zero value. When fewer repli-
cates were includes, the densities became more 
similar, although still lower. The study was not 
designed to compare these modified SPCs with 
belt transects and therefore caution should be 
used in interpreting these results.
Although the Galapagos Islands are 
renowned globally for their unique marine 
fauna, both legal and illegal fishing has reduced 
the abundance of sharks and many other large 
charismatic species within the archipelago 
(Ruttenberg 2001, Sonnenholzner et al. 2009, 
Edgar et al. 2010). Because of its protection 
and isolation, Isla del Coco harbors unique 
assemblages of sharks and other large species 
that far exceed that of other locations within 
the region (Edgar et al. 2011). The dramatic 
recovery of corals at Isla del Coco following 
the massive 1982-83 El Niño event further 
highlights the resilience of intact predator-
dominated coral reefs to recovery from major 
perturbations (Guzman & Cortés 2007). 
Protected, remote locations are some of 
the few remaining examples of coral reefs 
without major anthropogenic influence. Sur-
veys of the fishes of uninhabited, remote sites 
in the northwestern Hawaiian Islands and the 
northern Line Islands (Friedlander & DeMar-
tini 2002, DeMartini et al. 2008, Sandin et al. 
2008, Friedlander et al. 2010) strongly support 
historical reports of great fish abundance and 
predator domination that characterized coral 
reefs before extensive fishing efforts occurred. 
In remote locations in the central Pacific, bio-
mass estimates ranging from 2.5 to 5.3t ha-1 
have been recorded with the percentage of 
apex predators accounting for up to 85% of 
the total biomass (Sandin et al. 2008, Williams 
et al. 2011). Fish standing stock from various 
coral reef habitats on the Great Barrier Reef 
range from 0.9 to 2.6 t ha–1 (Williams & Hatch-
er 1983, Arias- González et al. 2006) while 
remote locations from New Caledonia have 
recorded biomass up to 3.4t ha–1 (Letourneur et 
al. 2000). Reef fish biomass in the remote Cha-
gos Archipelago in the Indian Ocean dwarfs 
that of the rest of the western Indian Ocean 
(WIO), with mean biomass estimates over 
six times higher than the highest recorded in 
no-take marine protected areas in the rest of 
the WIO (N. Graham, unpub. data.). Remote, 
uninhabited locations represent some of the last 
remaining ‘pristine’ coral reefs left on earth and 
give us a window into the past as to what reefs 
looked like prior to human extraction (Knowl-
ton & Jackson 2008). 
Shark fishing: Isla del Coco National 
Park harbors one of the most extraordinary 
predator populations in the world’s oceans, 
which demonstrates that protection has been 
effective. However, this richness is at risk 
because of heavy shark fishing in the region, 
and illegal fishing inside the park. This may be 
due to several reasons: a) these animals follow 
population fluctuations over decades and they 
are now on a natural decline, b) increasing fish-
ing (legal and illegal, both inside and outside 
the park) is depleting shark populations, or c) a 
combination of both. 
There are indeed changes in shark abun-
dance in the ETP caused by climate variability. 
During the warm, nutrient-poor El Niño years, 
the number of hammerhead sharks visiting Isla 
del Coco declines dramatically, while their 
abundance increases during the cold, nutrient-
rich La Niña years (Sibaja-Cordero 2008). 
However, there is no evidence in the scientific 
literature of shark declines taking place on a 
decadal scale due to environmental variability. 
Yet, there are many studies showing the steady 
decline of sharks as a result of increasing fish-
eries exploitation in the Atlantic (Baum et al. 
2003), the Mediterranean (Ferretti et al. 2008), 
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the Indian Ocean (Graham et al. 2010), and 
Australia (Robbins et al. 2006). 
Data collected by Marviva strongly indi-
cates that illegal fishing in the park has been 
occurring for years. According to Marviva’s 
statistics, between 2004 and 2009, 1512km 
of illegal longlines, 48,552 hooks, and 459 
hooked sharks were found inside the park. 
Whitetip reef shark abundances are not known 
to be correlated with ENSO events and illegal 
fishing inside the park has been known to cap-
ture these sharks in the past (Marviva, unpub. 
data). Therefore, we believe that fishing is the 
major threat to all shark populations at Isla del 
Coco National Park.
Fishing at or near Isla del Coco is probably 
not the only cause of decline of large migratory 
animals. Shark fishing throughout the ETP is 
also a major threat. Sharks are overfished in 
the Pacific waters of Costa Rica (Arauz et al. 
2004, Espinoza 2006) and they are elsewhere 
around the world (Baum et al, 2003, Myers et 
al., 2007). Although shark and ray fisheries in 
Costa Rica peaked in 1999, and have been in 
decline since (FAO STAT 2006), even modest 
levels of fisheries exploitation can have detri-
mental effects on predatory species including 
sharks (Pauly et al. 1998).
Large marine predators such as sharks 
that spend part of the year at Isla del Coco 
are especially vulnerable to fishing when they 
migrate through the large unprotected areas 
between the marine parks of Coco, Malpelo, 
and Galapagos. Shark tagging studies and the 
shark tagged during our expedition, suggest the 
existence of migratory corridors between the 
oceanic ETP islands (Migramar 2009, Bessudo 
et al. 2011). Similar to leatherback turtles 
(Schillinger et al. 2008), sharks swim along 
routes that follow the underwater Coco volca-
nic Cordillera, which extends between Costa 
Rica, Isla del Coco, and the Galapagos Islands. 
Another migratory route for sharks, which does 
not follow the ridge, is almost a direct line 
between Isla del Coco and Malpelo.
Implications for conservation: Based 
upon large-scale movement patterns from this 
and other studies, current protection of the 
12 nautical miles (22km) around the island 
is essential but insufficient to preserve the 
populations of these large migratory animals, 
especially hammerhead sharks. An expansion 
of the Isla del Coco National Park and effective 
shark fishing regulations would address some 
of this issue, especially if the latter were to be 
expanded to the surrounding waters of the ETP.
Costa Rica has protected over 25% of its 
land, but less than 1% of its marine waters 
(Alvarado et al. 2012). Measures used to 
conserve and protect the terrestrial resources 
of Costa Rica have proven to be effective. 
These same measures can be applied to pro-
tect the marine resources surrounding Isla del 
Coco starting with expanding protection of 
the Isla del Coco National Park that includes 
seamounts, to ensure the long-term preserva-
tion of one of the most extraordinary marine 
ecosystems on the planet. The creation of the 
new Seamounts Marine Management Area in 
March 2011 encompassing 10,000km2 around 
Isla del Coco including Las Gemelas Seamount 
may contribute to fill this gap, and preserve an 
ecosystem of unique global value. However, 
a management plan for this new area has not 
been developed yet, and it is uncertain what 
proportion will be a no-take reserve.
Conserving marine ecosystems provides 
more economic revenue in the long-term than 
unsustainable fishing practices. In the Great 
Barrier Reef of Australia, for example, full pro-
tection of 30% of the Marine Park resulted in 
economic benefits that outweighed the costs of 
loss of fishing revenue, and the current value of 
tourism is 36 times that of fishing (McCook et 
al. 2010). Despite its major ecological impact, 
shark and ray fisheries in 2006 accounted for 
only $236,000 (equivalent to 1.2% of the total 
value of Costa Rica fisheries: real 2000 value 
estimated as ex-vessel price of the catch; FAO-
STAT 2006, Sea Around Us Project 2011). In 
contrast, tourism – most of which is ecotourism 
on protected land habitats – brings to Costa 
Rica $2.2 billion annually. 
There are five diving liveaboards that 
operate regularly at Isla del Coco National 
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Park. At full occupancy they bring over $7 
million to the local economy (including price 
of the diving trip, entrance fees, Costa Rica 
“green tax”, food and lodging). More than 85% 
of the divers go to Isla del Coco to observe the 
large predators, especially the schools of ham-
merhead sharks (A. Klapfer, pers. comm.). The 
three most popular hammerhead sites that most 
divers visit (Alcyone, Manuelita, and Roca 
Sucia) have average abundances of 42, 21 and 
10 hammerheads ha-1; that is, divers see an 
average of 71 hammerheads sharks per diving 
trip. Therefore every “average” shark brings 
over $82,000 to Costa Rica every year. Assum-
ing every hammerhead (which can live to 35 
years) visits Isla del Coco for 20 years; every 
shark would bring $1.6 million to Costa Rica 
over its lifetime – and many jobs. In contrast, 
the average hammerhead shark caught in Costa 
Rican waters is bought from the fishermen at 
the Puntarenas fish market for only $195 (R. 
Arauz, pers. comm.). Costa Rica can apply the 
success stories of their protection of the land 
to their marine waters. One approach would 
be to consider no take areas—perhaps the new 
Seamounts Marine Area in its totality—as part 
of the management prescription.  Such actions 
would do much to ensure the long-term pres-
ervation of the Isla del Coco National Park, 
one of the most extraordinary marine ecosys-
tems in the planet.
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RESUMEN
La biomasa promedio de peces costeros en el Parque 
Nacional Isla del Coco en septiembre de 2010 fue de 7,8 
toneladas por hectárea, entre las más elevadas halladas 
jamás en zonas tropicales. Los grandes depredadores 
representaron el 40% de la biomasa total. La abundancia de 
tiburones costeros y pelágicos, particularmente las enormes 
agregaciones de tiburón martillo (hasta 42 individuos por 
hectárea) y los extensos bancos de carángidos y lutjánidos, 
muestran la capacidad que tienen los ecosistemas marinos 
no pescados para albergar elevadas biomasas de peces, y 
hacen de la Isla del Coco un lugar único en el mundo. No 
obstante, la abundancia de tiburones parece estar decre-
ciendo desde 1999, probablemente a causa de la creciente 
presión pesquera en la región y la pesca ilegal en el interior 
del Parque. Un tiburón de Galápagos marcado se dirigió 
255km en dirección a la Isla de Malpelo, Colombia. Estos 
resultados sugieren que los tiburones realizan importantes 
movimientos entre áreas marinas protegidas (Isla del Coco, 
Malpelo, Galápagos) en el Pacífico Tropical Oriental y 
remarcan la necesidad de una gestión regional de estos ani-
males. Más del 50% de las especies y el 90% de individuos 
observados en los contajes eran endémicos del Pacífico 
Tropical Oriental. 
Palabras clave: grandes depredadores, Pacífico tropical 
oriental, isla del Coco, pesca de tiburones, áreas mari-
nas protegidas, endemismos, sitios de alta biodiversidad, 
Costa Rica.
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